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(54) Abstract Title: Automated optical inspection of wire-wrapped well screens 



(57) Methods and systems for automatically inspecting a wire-wrapped well screen are provided. A camera 
may capture an image of a portion of the screen including at least two facing edge portions of adjacent 
wraps of wire defining a slot therebetween. A thickness of the slot may be determined based on the 
image, for example, by calculating a distance between the facing edge portions. The camera may be 
moved relative to the screen to measure slot thickness at several sample locations along a length of the 
screen. The screen may also be rotated relative to the camera to measure slot thickness at sample 
locations at different angular offset locations around the screen. Slot thickness measured at the sample 
locations may be analyzed to generate an inspection report that could be supplied to a customer with the 
well screen. 
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^ 2403006 

AUTOMATED OPTICAL INSPECTION OF 
WIRE-WRAPPED WELL SCREENS 

[0001] Embodiments of the present invention generally relate to well screens and 
more particularly to Inspection of slot thickness between adjacent wraps of wire on 
wire-wrapped well screens. 

(0002J In the drilling of oil and gas wells, a wellbore is formed in a formation and 
typically lined with a string of steel pipe commonly referred to as casing. In a 
process generally referred to as well completion, a string of tubular elements and 
various pieces of equipment required to enable safe and efficient fluid production are 
assembled downhole. often within the casing. As part of the well completion 
process, the casing is typically perforated to allow fluids to flow from an adjacent 
portion of the formation into the wellbore. In many cases, these formation fluids 
include undesirable particles, such as sand, that may result in inefficient production 
if not screened from the production flow. 

[0003] Producing sand along with well fluids can result in premature failure of 
production equipment (e.g.. artificial lift equipment). Further, collections of sand 
(sand bridges) fonmed in the casing ortubulars may impede and eventually obstruct 
flow of the production fluids. Sand productfon may also cause erosion or 
compaction of the surrounding fomiation which may lead to casing failure. Casing 
failure in or around a producing zone may lead to loss of the well. Therefore, the 
control of sand flow from formations is one of the most critical problems in well 
completion. In some cases, to control sand, a well screen is placed in the wellbore 
and the sun-ounding annulus is packed with gravel of a specific size designed to 
prevent the passage of formation sand into the production flow. The primary 
objective of this "gravel pack" is to prevent the flow of formation sand, while causing 
minimal impairment to well productivity. 

C00041 One type of well screen commonly used for gravel pack applications, as 
well as stand-alone sand control applications, is a wire-wrapped well screen. A 
wire-wrapped well screen is typically fomried by helically wrapping wire having a 
controlled profile around a length of perforated base pipe. The thickness of the 
continuous slot formed between adjacent wraps of the wire is controlled to be small 
enough to retain the gravel placed behind the screen (or any material to be 
screened from the production fluid), yet minimize any restriction to flow of the 
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production fluid. Therefore, it Is highly desirable that the thickness of this slot 
(commonly referred to as the slot gauge) be maintained as uniform as possible. 
Wire-wrapped well screens may be relatively long (often several tens of feet), while 
the wrapped wire and slot thickness may be relatively small (often less than .1 
inches and .01 inches, respectively). Thus, cun-ent processes for manufacturing 
wire-wrapped well screens yield a product with tens of thousands of slots (i.e.. 
portions of the continuous slot between adjacent wire wraps) to inspect. 

[0005] Despite the fact that the thickness of slots between adjacent wire wraps 
may be the most critical attribute of a wire-wrapped screen, the large number of 
slots makes inspecting each slot economically impractical using conventional 
measurement techniques. For example, conventional inspection techniques include 
manually sliding a feeler gauge (e.g.. a metal leaf of a known thickness) into the slot 
or manually using an optical scope to measure slot thickness, both of which are time 
consuming and prone to human error. To save time, a relatively small set of sample 
slots may be measured and statistical techniques may be applied to determine an 
average slot thickness, minimum/maximum slot thickness, and the like. However, 
the relatively small set of sample slots may be insufficient as there may be relatively 
long sections of the continuous slot between slot samples that are not inspected. 

[0006] Accordingly, what Is needed is an improved method for inspecting wire- 
wrapped screens to measure slot thickness between adjacent wire wraps, 
preferably, an automated system that allows for faster inspection than conventional 
manual inspection techniques. 

[0007] The present invention generally provides methods and systems for 
automatic inspection of wire-wrapped well screens. 

[0008] One embodiment provides a method for inspecting a wire-wrapped 
screen. The method generally includes: (a) moving a camera to a location along a 
length of the screen; (b) capturing an image of a portion of the screen, the image 
including at least one slot defined by facing edge portions of adjacent wraps of wire; 
(c) determining a thickness of the slot, based on the image; and (d) repeating the 
operations (a)-(c) to determine the thickness of slots at a plurality of locations along 
the length of the screen. 
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10009] Another embodiment provides another method for inspecting a wire- 
wrapped screen. The method generally includes capturing an image of a portion of 
the screen, the image including at least two facing edge portions of adjacent wraps 
of wire defining a slot therebetween, and calculating a thickness of the slot, based 
on the image. For some embodiments, the method may be performed during 
manufacturing operations and may further include determining if the calculated slot 
thickness falls outside a predetermined range of acceptable slot thickness and, if so, 
halting the manufacturing process. 

[001 oj Another embodiment provides a system for inspecting a wire-wrapped 
screen generally including at least one camera, a screen holding member, camera 
moving means for moving the at least one camera relative to the screen holding 
member, and a computer system. The computer system is configured with a screen 
inspection program configured to perform operations generally including: (a) moving, 
via the camera moving means, the at least one camera to a location along a length 
of the screen, (b) capturing an image of a portion of the screen, the image including 
at least two facing edge portions of adjacent wraps of wire defining a slot 
therebetween, (c) determining a thickness of the slot, based on the image, and (d) 
repeating the operations (a)-(c) to detemiine the thickness of slots at a plurality of 
locations along the length of the screen. 

[00111 So that the manner in which the above recited features of the present 
invention can be understood in detail, a more particular description of the invention, 
briefly summarized above, may be had by reference to prefen-ed embodiments, 
some of which are illustrated in the appended drawings. It is to be noted, however, 
that the appended drawings illustrate only typical embodiments of this invention and 
are therefore not to be considered limiting of Its scope, for the invention may admit 
to other equally effective embodiments. 

[0012] FIG. 1A illustrates an exemplary screen inspection system in accordance 
with embodiments of the present invention. FIG. 1B illustrates an exemplary 
captured image of a screen for use by the screen inspection system. 

[0013] FIG. 2 illustrates exemplary operations for optical inspection of a screen in 
accordance with embodiments of the present invention. 

3 
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10014] FIGs. 3A and 3B illustrate an exemplary log and bell curve, respeetlvely. 
of measured slot thickness that may be generated in accordance with embodiments 
of the present invention, 

[001 5j In contrast to the manual inspection techniques of the prior art, 
embodiments of the present invention provide methods and systems for 
automatically inspecting slot thickness of a wire wrapped well screen. For one 
embodiment, a camera may capture an image of a portion of a wire wrapped well 
screen including at least one slot between adjacent wraps of wire. The image may 
be fed into optical signal processing circuitry in communication with a computer 
configured to measure a thickness of the slot, based on the image. The camera 
may be moved relative to the screen to measure slot thickness at several sample 
locations along a length of the screen. 

[0016] Thus utilizing high speed signal processing, embodiments of the present 
invention may allow for more thorough inspection in less time than conventional 
manual inspection techniques. Of course, while embodiments of the present 
invention are described below with reference to inspection of wire-wrapped well 
screens, it will be clear to one skilled in the art that the systems and techniques 
described herein may also be utilized to automatically inspect various other types of 
manufactured articles having components, such as slots formed therein, with a 
critical thickness. 

[0017] One embodiment of the invention is implemented as a program product 
for use with a computer system such as, for example, the computer system 120 of 
the screen inspection system 100 shown in FIG. 1 and described below. The 
program(s) of the program product defines functions of the embodiments (including 
the methods described herein) and can be contained on a variety of signal-bearing 
media. Illustrative signal-bearing media include, but are not limited to: (i) information 
permanently stored on non-writable storage media (e.g.. read-only memory devices 
within a computer such as CD-ROM disks readable by a CD-ROM drive); (ii) 
alterable infonnation stored on writable storage media (e.g., floppy disks within a 
diskette drive or hard-disk drive); or (iii) information conveyed to a computer by a 
communications medium, such as through a computer or telephone network, 
including wireless communications and the Internet. In general, the routines 
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executed to implement the embodiments of the invention, may be part of an 
operating system or a specific application, component, program, module, object, or 
sequence of instructions, embodied, for example, as a screen inspection program 
122, an optical signal processing component 124, and/or a position signal 
processing component 126, of the screen inspection system 100. 

AN EXEMPLARY INSPECTION SYSTEM 

[0018] FIG. 1 illustrates the major hardware and software components of an 
exemplary screen inspection system 100 for inspecting a wire-wrapped screen 102 
in accordance with embodiments of the present Invention. The system 100 may be 
utilized to automatically inspect slots 106 fomied between adjacent wraps of wire 
104 of the screen 102. As Illustrated, the system 100 may include at least one 
camera 110 with a lens 112 positioned to have a field of view that includes at least 
portions of adjacent wraps of wire 104 defining a slot 106 therebetween. 

[0019] The camera 110 may be any suitable camera, such as a well known 
charge-coupled-device (CCD) camera, capable of capturing an image of the field of 
view with sufficient resolution (commonly measured in megapixels: 1024 x 1024 = 1 
Megapixel, 4096 x 4096 = 16 Megapixels, etc.) to allow for the measurements 
described herein. The camera 110 may output the captured image to optical signal 
processing component 124. which may include any suitable combination of 
hardware and software to receive the image and process the image to a format 
suitable for use by the screen inspection program 122. 

[00201 While the camera 110 is arbitrarily shown as being positioned above the 
screen 102 (e.g., 90° from horizontal), for some embodiments, the camera 1 10 (or at 
least the lens 112) may be positioned below the screen 102, beside the screen 102 
or any other angular orientation about the screen 102. Further, while the screen 102 
is shown in a horizontal position, which may be advantageous for practical matters 
(as the screen 102 may be several tens of feet long), for some embodiments, the 
screen 102 may be positioned at any other angle from horizontal. 

[00211 In either case, the screen inspection program 122 is typically configured to 
impart relative motion between the camera 110 and screen 102 to measure slot 
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thickness at several locations along a length of the screen 102. Any suitable means 
may be utilized to impart relative motion between the camera 110 and the screen 
102. While it may be possible to move the screen 102 (e.g.. by moving a screen 
holding member 107 on which the screen 102 is mounted) while holding the camera 
110 stationary, a relatively large inspection area would be required due to the 
potential length of the screen 102. 

[0022] Therefore. It may be preferable to instead move the camera 110. and any 
suitable means may be utilized to move the camera 110. As an example, for one 
embodiment, the camera 1 10 may be mounted to a carriage 1 14 that moves along a 
track 115 in response to rotating motion of a ball screw 116. The ball screw 116 
may be driven by a motor 118. which may be controlled by the computer 120 via a 
signal generated by a position signal processing component 126. 

[0023] The computer 120 may also determine, via the position signal processing 
component 126. a position of the camera 110 via a signal generated by a position 
sensor, such as a rotary encoder 127 or linear encoder 129. In other words, to 
move the camera 110 to a desired location, the computer 120 may. via the position 
signal processing component 126. generate signals to move the carriage 114 while 
monitoring signals indicative of the position of the carnage 114. As described below, 
the measured position of the camera 110 relative to the screen 102 may be used to 
identify a location of a measured slot 1 06 along the screen 1 02. 

[00241 While shown as separate components, either or both of the optical signal 
processing component 124 and position signal processing component 126 may be 
integrated with the computer 120. For example, the optical signal processing 
component 124 may be implemented as a bus Interface card configured to capture 
images form the camera 110. while the position signal processing component 126 
may be implemented as an industrial I/O card with inputs suitable for reading 
encoder signals and outputs suitable for controlling motors. 

EXEMPLARY SCREEN INSPECTION OPERATIONS 

[00251 Operation of the various components of the screen inspection system 100 
may best be described with reference to FIG. 2. which illustrates exemplary 
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operations 200 that may be performed, for example, by the computer 120. as part of 
the screen inspection program 122. However, it should be noted that the 
components shown in FIG. 1 are not limited to the operations 200 of FIG. 2. 
Further, for some embodiments, the operations 200 may be performed by 
components other than those shown in FIG. 1. 

[00261 For some embodiments, the operations 200 may be performed in multiple 
passes to take slot thickness measurements at several locations along the length of 
the screen 102, with the sample locations in each pass offset by some angle along 
the circumference of the screen 102. For example, prior to each successive pass, 
the screen 102 may be rotated by 360/Ntotal_passes. where Ntotal_passes is the total 
number of inspection passes, so that the sample location sets are evenly spaced. 
As an example, if an inspection consists of 4 passes, the screen 102 may be rotated 
90° (360°/4) prior to each successive pass. 

[0027] Accordingly, the operations 200 may begin at step 202, by setting a 
counter that tracks the number of inspection passes to 1 . At step 204. the screen 
102 is positioned, for example, in the holding member 107. Steps 205-214 
represent a loop of operations to be iteratively performed as the camera 110 is 
moved relative to the screen 102. 

[0028] At step 205. the camera 1 10 is moved relative to the screen 102. and. at 
step 206, a position of the camera 110 relative to the screen 102 is measured. For 
example, initially, the camera 110 may be brought to an arbitrary starting position 
(e.g., L=0) along a length the screen, while in subsequent iterations, the camera 110 
may be moved along the length of the screen 102 In incremental steps. The length 
and number of the incremental steps per pass (as well as the number of passes) 
may be chosen in an effort to ensure a sufficient number of sample measurements 
are taken, without unduly increasing the total Inspection time. 

[0029] At step 208, an image of the field of view of the camera 1 10 is captured. 
At step 210. a thickness of one or more slots 106 between adjacent wraps of wire 
104 in the captured image is measured. Any suitable technique may be used to 
derive a slot thickness from the captured screen image. For example, as illustrated 
in FIG. IB, a portion of the screen 102 may be captured as a 2-dimensional (e.g., 
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with X-Y coordinates) set of pixels, and the slot thickness may be measured using 
edge detection. 

[0030] As illustrated, a slot 106 may be defined by a first edge 11 7i of a first wrap 
of wire 104i and a second edge 1 172 of a second wrap of wire 1042. The edges 117' 
may be readily detected due to a sharp change In color of the image when going 
from the relatively bright wire 104 (typically made of highly stainless steel) to the 
relatively dark slot 106. However, for some embodiments, in an effort to Increase 
contrast between the wire 104 and the slots 106 formed therein, a dark colored 
sleeve 109 (e.g.. constructed of a light absorbing material) may be inserted within 
the screen 102. As an alternative (e.g.. if the wire 104 is relatively dark in color), a 
sleeve 109 having a lighter color than the wire 104 may be used. Further, for some 
embodiments, in an effort to Increase contrast between the wire 104 and slots 106, a 
light source 1 1 1 may be utilized to illuminate the screen 102. 

[0031] In either case, the first edge 1 17i may be detected at a first pixel location 
(XI) along the X axis, while the second edge 1172 may be detected at a second 
pixel location (X2) along the X axis. The thickness of the slot 106 may then be 
detemiined based on the difference between pixel locations (X2-X1), and a scaling 
factor that represents a linear unit occupied by each pixel (e.g.. inches/pixel). As a 
simple example, if the camera 110 captures a .4" x .4" portion of the screen 102. as 
a 2 dimensional image of 4096 x 4096 pixels, the scaling factor would be 
approximately .0001 inches/pixel. Therefore, a slot 106 defined by edges 117i and 
1172 spaced apart by 100 pixels (e.g.. X2-X1 = 100 pixels), would correspond to a 
slot thickness of approximately .01". For some embodiments, the (pixel) distance 
between adjacent edges 117i and 1172 may be measured In more than one location 
along the Y axis and averaged, for example, to detemnlne an average thickness of 
the slot 106. 

[0032] At step 212, the measured slot thickness and corresponding screen 
position are recorded, for example, in a log 228 which may be later analyzed. At 
step 214. a determination is made (e.g.. via signals from the rotary encoder 127 or 
linear encoder 129) as to whether the camera 110 has reached the end of the 
screen 102 (or at least the last position of the screen 102 to be sampled). If the end 
of the screen 102 has not been reached, processing returns to step 205 to move the 
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camera 110 relative to the screen 102. to measure slot thickness at another sample 
location. 

[00331 On the other hand, if the end of the screen 102 is reached, processing 
proceeds to step 216, where a determination Is made as to whether the current 
inspection pass is the final pass (e.g., pass_counter = total_passes). If not. the 
screen 102 is rotated. Accordingly, as illustrated In FIG. 3A. the log 228 may 
include, for each sample location, a set of thickness measurements, each taken in a 
different pass. In other words, the location, on the screen 102. of each sample in 
the log 228 may be identified by a length (L) and an offset angle (0). For example, 
the log 228 shows sample slot measurements taken in four successive passes, at 
offset locations of 0°. 90°, 180°, and 270°, 

[0034] As illustrated in FIG. 1, rotation of the screen 102 may be accomplished 
by sending a signal to a motor 105 configured to rotate the screen holding member 
107. For some embodiments, one or more reference marks 103 may be placed on 
the screen 102 (and/or the screen holding member 107) to indicate a rotational 
position of the screen 102. The screen inspection program 122 may be configured 
to detect the reference marks 103 as part of a captured image in order to determine 
position of the camera 1 10. For other embodiments, a position sensor (not shown), 
such as a rotary encoder may be positioned to provide a signal indicative of the 
angular position of the screen holding member 107. 

[0035] In either case, once the screen is rotated, the operations 205-214 may be 
repeated to take slot thickness measurements at sample locations for another 
inspection pass. In an effort to reduce inspection time, the screen inspection 
program 122 may be configured to take sample slot thickness measurements while 
moving the camera 1 10 in different directions on successive inspection passes. For 
example, the camera 110 may travel from a first end to a second end during a first 
pass and, after the screen 102 is rotated, may travel from the second end to the first 
end during a second pass, thus avoiding moving the camera 110 the length of the 
screen 102 to retum the camera to the same starting position for each pass. 

[0036] For some embodiments, rather than rotate the screen 102 after each 
inspection pass, multiple cameras 110 at offset locations may be utilized. Further, 
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for some embodiments, movement of the camera 110 may be synchronized with 
rotation of the screen 102. such that samples may be taken at offset locations 
around a circumference of the screen 102 in a single pass. In such embodiments, 
with an adequate Image capture (sample) rate, it may be possible to measure the 
thickness of the entire continuous slot 106 running the length of the screen 102. 

(0037] Once all the inspection passes have been performed, processing 
proceeds to step 222. where a statistical analysis is perfomied on the sample slot 
thickness measurements (e.g.. recorded In the log 228) and, at step 224. the 
inspection report 128 is generated based on the statistical analysis. The statistical 
analysis may include any type of processing of the sampled measurements required 
to generate infonnation to be included in the inspection report 128. Of course, the 
statistical analysis will likely include, at least, detennination of a maximum measured 
slot thickness (Tmax) and a minimum slot thickness (Tmin). The statistical analysis 
may also include generation of a Bell curve 300, as shown in FIG. 3, along with 
calculation of a mean (average) thickness (Tmean) and standard deviation (aj) of the 
sampled thickness measurements. Of course, the log 228 and/or inspection report 
may also include various other information, such as screen Infomiation (product 
number, length, diameter, nominal slot thickness, etc.). a date/timestamp. and 
operator identification. 

[0038] For some embodiments, rather than automatically generate an inspection 
report 128. a visual indication may be provided to an operator, for example, via a 
display device (not shown) connected to the computer 120. Further, for some 
embodiments, rather than generate an inspection report 128 after inspecting each 
screen 102. the recorded samples may saved, for example, in a database of logs 
228. to be analyzed at a later time (e.g.. periodically, or at the end of a production 
run), as part of an on-going maintenance and/or quality process. For example, 
statistical analysis may be perfomned on several logs 228 of sampled thickness 
measurements generated before and after making adjustments to materials or 
manufacturing processes, in an effort to determine the effectiveness of such 
adjustments. 

[00391 Further, depending on the implementation, the operations 200 may be 
perfomied "on-line" while a screen 102 is being fabricated (e.g.. the camera 110 
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may be moved along a screen 102 as it is being rotated to wrap wire 104), or "off- 
line" on a completed product. In either case, for some embodiments, a 
detennination may be made as to whether any of the sampled slot thickness 
measurements fall outside an acceptable criterion. The location (e.g., L, 0) of a 
sampled slot thicknesses found to be out of tolerance may optionally be recorded, 
for example, in the inspection report 128. 

[0040] In some instances, it may be desirable to halt production upon 
determining a sampled slot thickness exceeds a threshold maximum allowable 
thickness (Tthresh_max). which may allow the screen 102 to pass particles that 
should be screened, or falls below a threshold minimum allowable thickness 
(Tthresh_min). which may restrict production flow through the screen 102. Sampled 
slot thickness outside the acceptable criteria (e.g.. Tsamp > Tthresh.max or Tsamp < 
Tthresh_min), referred to as a screen defect, may indicate a problem with materials or 
production equipment. Therefore, if such a screen defect is determined, 
manufacturing operations may be halted, for example, by sending a signal from the 
computer 120 to fabrication equipment (not shown), such as a wire-wrapping 
apparatus. Halting manufacturing operations when an unacceptable slot thickness 
is detected may prevent lost production time, as well as scrapped material. 

[0041J As an alternative to. or in addition to. halting production, if a slot thickness 
within an inspected portion is found to be out of tolerance, the system 100 could be 
configured to mari< the screen 102 at or near the inspected portion, using any 
suitable screen marking means. For example, the system 100 may be configured to 
marie the screen 102 with an ink. paint, dye. or other suitable marking material, 
deposited from a nozzle 113 under control of the screen inspection program 122. Of 
course, screen defects may be indicated by marking the screen 102 regardless of 
whether the inspection is performed during (on-line) or subsequent to (off-line) 
screen fabrication. In either case, such marking may facilitate the location of screen 
defects, for example, without having to rely on a recorded length and offset angle. 

CONCLUSION 

[0042J Embodiments of the present invention provide automatic inspection of slot 
thickness of a wire-wrapped screen. Through the utilization of high speed signal 
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processing, slot thickness at a large number of sample locations along a wire- 
wrapped screen may be measured in a relatively short Inspection time. Accordingly, 
embodiments of the present invention may allow for more thorough inspection in 
less time than conventional manual inspection techniques. 

10043] While the foregoing is directed to embodiments of the present invention, 
other and further embodiments of the present invention may be devised without 
departing from the basic scope thereof, and the scope thereof is determined by the 
claims that follow. 
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Claims: 



1 . A method for inspecting a wire-wrapped screen comprising: 

(a) moving a camera to a location along a length of the screen; 

(b) capturing an image of a portion of the screen, the image including at least 
one slot defined by facing edge portions of adjacent wraps of wire; 

(c) determining a thickness of the slot, based on the image; 

(d) repeating the operations (a)-(c) to detemnine the thickness of slots at a 
plurality of locations along the length of the screen; 

(e) rotating the screen about its longitudinal axis; and 

(f) repeating the operations (a)-(d). 

2. The method of claim 1 , wherein determining a thickness of the slot comprises: 
detecting at least one pixel location along each of the facing edge portions; and 
calculating the slot thickness based on a difference in pixel locations detected 

along each of the at least two facing edge portions. 

3. The method of claim 1 or 2, wherein: 
the camera is mounted to a carriage; and 

moving the camera comprises generating an output signal to control a motor that 
drives a ball screw coupled with the carriage. 

4. The method of claim 1 . 2 or 3, further comprising: 
rotating the screen relative to the camera; and 
repeating the operations (aHd). 

5. The method of any preceding claim, further comprising, at each location, 
recording the determined slot thickness. 

6. The method of claim 5, further comprising recording the location corresponding 
to each determined slot thickness. 

7. The method of claim 5 or 6, further comprising performing statistical analysis of 
the recorded slot thicknesses. 
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8. The method of claim 7, wherein performing statistical analysis of the recorded 
slot thicknesses comprises calculating a maximum slot thickness and a minimum slot 
thickness. 

9. The method of claim 8, further comprising generating an inspection report 
including at least the calculated maximum slot thickness and minimum slot thickness. 

1 0. The method of any preceding claim, further comprising: 

determining if a thickness of the slot within an inspected portion of the screen is 
outside a predetermined range; and 

if so, physically marking the screen at or near the inspected portion. 

11. A method for inspecting a wire-wrapped screen comprising: 

capturing an image of a portion of the screen, the image including at least two 
facing edge portions of adjacent wraps of wire defining a slot therebetween; 

calculating a thickness of the slot, based on the image; 

determining if the calculated thickness is within a predetermined range; and 

taking an action in response to determining the calculated thickness is outside 
the predetermined range. 

12. The method of claim 1 1 , wherein determining a thickness of the slot comprises: 
detecting at least one pixel location along each of the at least two facing edge 

portions; and 

calculating the slot thickness based on a difference in pixel locations detected 
along each of the at least two facing edge portions. 

13. The method of claim 11 or 12, wherein the capturing and calculating operations 
are performed during a manufacturing process for fabricating the screen. 

14. The method of claim 13. wherein the action comprises halting the manufacturing 
process. 
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15. The method of claim 1 1 , 12 or 13. wherein the action comprises physically 
marking the screen at or near the slot. 

16. A system for inspecting a wire-wrapped screen comprising: 
at least one camera; 

a screen holding member; 

camera moving means for moving the at least one camera relative to the screen 
holding member; and 

a computer system configured with a screen inspection program configured to 
perform operations comprising: 

(a) moving, via the camera moving means, the at least one camera to a 
location along a length of the screen, 

(b) capturing an image of a portion of the screen, the image including at 
least two facing edge portions of adjacent wraps of wire defining a slot therebetween, 

(c) determining a thickness of the slot, based on the image, and 

(d) repeating the operations (aHc) to detenmine the thickness of slots at a 
plurality of locations along the length of the screen^ 

(e) rotating the screen about its longitudinal axis, and 

(f) repeating the operations (aHd). 

17. The system of claim 16, wherein the camera moving means comprises a 
carriage and ball screw. 

18. The system of claim 1 7, further comprising at least one encoder to generate a 
signal indicative of a location of the carriage along the ball screw. 

19. The system of claim 16, 17 or 18, further comprising a sleeve adapted to be 
inserted into the screen, wherein a color of the sleeve is chosen to contrast with a color 
of the wraps of wire. 

20. The system of any one of claims 16 to 19, wherein the operations further 
comprise: 

recording the slot thickness determined at each location; 
analyzing the recorded slot thicknesses; and 
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generating an inspection report based on the analyzed recorded slot 
thicknesses. 

21 . The system of claim 20, wherein the inspection report includes at least: 
a maximum determined slot thickness; and 

a minimum determined slot thickness. 

22. A system for inspecting a wire-wrapped screen comprising: 
at least one camera; 

a screen holding member; 

camera moving means for moving the at least one camera relative to the screen 

holding member; 

a screen marking mechanism; and 

a computer system configured with a screen inspection program configured to 
perform operations comprising: 

(a) moving, via the camera moving means, the at least one camera to a 
location along a length of the screen, 

(b) capturing an image of a portion of the screen, the image including at 
least two facing edge portions of adjacent wraps of wire defining a slot therebetween, 

(c) determining a thickness of the slot, based on the image, 

(d) determining if the thickness of the slot falls within a specified 
range and, if not, generating a signal to mark the screen via the screen 
marking mechanism, and 

(e) repeating the operations (aHd) to determine the thickness of slots at a 
plurality of locations along the length of the screen. 



<GB 2403006A_L> 



16 




Application No: 
Claims searched: 



GB0413617.2 
all 



% Office 



4^ 




INVESTOR IN PEOPLE 



Examiner: 
Date of search: 



Matthew Perkins 
15 October 2004 



Patents Act 1977: Search Report under Section 17 
Documents considered to be relevant: 



Category 


Relevant 
to claims 


Identity of document and passage or figure of particular relevance 


X 


1 to 18, 
20 to 22 


US 4914514 A 

(BAKER HUGHES) See absU^ct, figures and column 3 line 26 to 
column 4 line 63 


X 


1 at least 


GB 222 1227 A 
(CEATCAVI) See abstract 


A 




US 5315366 A 

(MURATAKIKAI...) See abstract 



Categories: 



Document indicating lack of novelty or inventive 
step 

Y Document indicating lack of inventive step if 
combined with one or more other documents of 
same category. 

& Member of the same patent family 



A Document indicating technological background and/or state 
of the art 

P Document published on or after the declared priority date but 
before the filing date of this invention. 

£ Patent document publi^ed on or after, but with priority date 
earlier than, the filing date of this application. 



Field of Search: 

Search of GB, EP, WO «fe US patent documents classified in the following areas of the UKC 



W 



GIA 



Worldwide search of patent documents classified in the following areas of the IPC^^ 



BOID; E21B; GOIB; G06T 



The following online and other databases have been used in tiie preparation of this search report 
Online: WPI, EPODOC, PAJ 



in 



NSDOCID: <GB ^2403006A__L> 



